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Abstract 
The research of platinum metal recovery from compound solutions including process ones with high salt content in non-ferrous 
and other metals is given. Effective conditions for platinum metal sorption recovery from sulphate cupronickel solutions by 
nitrating and anodizing methods are stated. The level of platinum family recovery is 95-99%. 
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1. Introduction  
Recently special attention has been given to search of new effective methods to recover platinum metals (PM) 
from different raw materials: placer platinum, metallurgy platinum concentrates, dead automobile and chemical 
catalysts, PM scrap, etc. [1,2] Due to this new technological schemes are being developed and new affinaging 
factories are being established. PM transfer into solution received by metal leaching from secondary raw materials 
with their further concentrating and isolating is of great interest [1-3]. Sorption with new sorbents that allow PM 
deep concentrating and their separation from other metals is one of the efficient methods to recover and isolate PMs 
from compound solutions with other metals. 
Nowadays the nitrogen sorbents having high absorption ability and good kinetic properties are the most advanced 
ones to recover PMs from solutions. These allow recovering even trace amounts of PMs from compound solutions 
including process ones with high salt content of non-ferrous and other metals. 
The aim is to define terms for efficient PM sorption recovering from MMC "Norilsk Nickel" sulphate 
cupronickel solutions by Rossion ion exchange resins. 
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2. Study subject 
Rossion ion exchange resins, consisting of nitrogen functional groups (Table 1.) have been chosen for research as 
the most advanced ones to recover PM from sulphate-chloride solutions. 
Table 1. Characteristics of studied ion exchange resins. 
Ion exchange 
resin 
Type Copolymer Physical 
structure 
Functional 
groups 
Exchange capacity in the Cl- -form, 
mmol/g 
Rossion-1p strong base anion 
exchanger 
SDVB Macroporous BMAG 3.0 
Rossion-5 strong base anion 
exchanger 
SDVB Gel BMAG 2.8 
Rossion-10 weak-base anion  
exchanger 
SDVB Macroporous PSTAG 4.4 
Note: SDVB - polystyrene-co-divinyl benzene, BMAG - benzyltrimethylammonium groups, PSTAG - primary, secondary, tertiary amino groups. 
3. Initial solutions and experimental method 
To study PM recovering from MMC "Norilsk Nickel" sulphate cupronickel solutions by Rossion ion exchange 
resins three metallurgy shop solutions were chosen. 
Solution after precious metal (Pr.M) additional deposition is one that is subject to Pr.M additional deposition by 
copper sludge at 80˚С before moving to copper electrolysis shop.  
Solution after The Gulidov Krasnoyarsk Non-Ferrous Metals Plant ("Krastsvetmet") waste leaching is 
received by water repulping hydroxydes and "Krastsvetmet" electrical filter dust that are leached in sulphuric acid 
solution.  
Anodic dissolution tank solution is taken from electrolyzers and forwarded to neutralization.  
Composition of MMC "Norilsk Nickel" metallurgy shop studied solutions is given in Table 2. 
Table 2. Content of studied solutions. 
Solution type 
Metal concentration, g/m3 
Cu Ni Pt Pd Rh Ru Ir 
Solution after additional deposition 35.1 18.4 0.017 0.083 1.89 3.1 1.94 
Solution after waste leaching 17.4 2.26 0.016 0.06 2.34 4.9 2.03 
Anodic dissolution tank solution 0.01 95.9 1.28 0.32 1.54 7.92 96.0 
 
For efficient platinum metal sorption recovery from these solutions the following methods were tested: 
1. Adding sodium chloride to PM sulphate solutions. Sodium chloride was added to solutions until their 
concentration 20 g/dm3 at temperature range from 25˚С to 90˚С during 4 hours and constant stirring. 
2. Pre-chlorination of PM sulphate solutions. The solutions were chloridized by injecting sodium chloride (20 
g/dm3) and flowing through solution with gaseous chlorine during 30 min. till oxidation-reduction at 25˚С 
during 4 hours and constant stirring. 
3. Nitriding PM sulphate solutions. Solution nitrating was made by injecting sodium chloride (20 g/dm3) and 
sodium nitrite (20 g/dm3) with resins during 4 hour constant stirring. 
4. Anodic oxidation in electrolyzers with inert anodes. Anodic oxidation was effected by injecting sodium 
chloride (20 g/dm3), 5 A currеnt was applied on 0.2 dm3 electrolyzer with titanium cathode and porous 
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titanium-iridium anode, under 3,0 V tank pressure and resins in interelectrode space at 25˚С during 4 hours 
and constant stirring. 
The solution analyses were performed by Test and Analysis Department of MMC "Norilsk Nickel" by 
inductively-coupled plasma method (ICP) after thiocarbamide concentrating of platinum metals. 
4. Results and discussions 
Earlier in [10-12, 14] sorption characteristics of Rossion ion exchange resins against platinum and palladium 
chlorine complexes were examined and the opportunity of high copper content palladium (II) sorption recovery 
from homogeneous catalysts based on OJSC "Omsky Kauchuk" acetaldehyde was shown. The following stage was 
to recover PMs from MMC "Norilsk Nickel" sulphate cupronickel solutions in which along with platinum and 
palladium there is rhodium, ruthenium and iridium. 
As PMs, in particular, iridium, rhodium, ruthenium in sulphate solutions are in inactive condition [4, 5], their 
recovery success depends on the efficiency of solution pretreatments in order to transfer PM inert compounds into 
labile states. 
Carrying out experiments on PM sorption, especially iridium, from model solutions by Rossion resins showed 
that sorption of persistent iridium (III) sulphate complexes is not high and is 6-19 %. Thus, to increase sorption it is 
necessary to make conditions for persistent iridium (III) sulphate complex change to iridium (IV) chloride complex. 
The same is for sulphate complexes of rhodium and ruthenium.  
The recovery of platinum, palladium, rhodium and ruthenium by Rossion-10 from sulphate solutions with adding 
sodium chloride is increased with temperature rise and reaches 43,3 – 87,5% at 25˚С, 94-98% at 90˚С. The recovery 
of iridium by Rossion-10 resin, however, at 25˚С is not high and reaches only 15%, and on temperature rising up to 
90˚С it increases to 46-51%. 
Chloration of sulphate solution with sodium chloride adding allows obtaining rather high recovery for all PM 
(Table 3). But the presence of chloride results in destructing active groups on resins and this doesn't allow their 
further sorption, making this unprofitable. 
Table 3. The results of PM recovery from solution after additional deposition with chloride pretreatment. 
Sorbent 
Metal content, g/m3 
Recovery,% 
Pt Pd Rh Ru Ir 
Rossion-1p 0.002 
85.7 
0.013 
84.1 
0.22 
88.3 
0.064 
97.9 
0.69 
64.5 
Rossion-5 0.003 
83.5 
0.014 
82.6 
0.21 
88.9 
0.066 
97.9 
0.67 
65.6 
Rossion-10 0.005 
69.4 
0.019 
77.5 
0.24 
87.6 
0.070 
97.8 
0.75 
61.6 
 
Due to sorbent active group destructing on chloration of the solutions it is possible to recover PMs by resins with 
chloride and sodium nitrite presence. 
In refining processes it is called nitrating. The presence of sodium chloride promotes platinum, palladium, 
rhodium and ruthenium sulphates prechange to chloride complexes and this facilitates their further transfer into 
nitrite complexes. 
Reactions with chloride-ion adding are: 
[Rhn(SO4)m(OH)k(H2O)](3n-2m-k) + NaСI → Na3[RhCI6] + NaNO2 → Na3[Rh(NO2)6] 
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Na2[Pt(SO4)2(OH)2] + NaСI → Na2[PtСI6] + NaNO2 → Na2[Pt(NO2)6] 
PdSO4 + NaСI → Na2[PdСI4] + NaNO2 → Na2[Pd(NO2)4] 
On nitrating the following reactions occur: 
[Irn(SO4)m(OH)k(H2O)](3n-2m-k) + NaNO2 → Na3[Ir(NO2)6] 
[Run(SO4)m(OH)k(H2O)](3n-2m-k) + NaNO2 → Na3[Ru(NO2)6] 
[Rhn(SO4)m(OH)k(H2O)](3n-2m-k) + NaNO2 → Na3[Rh(NO2)6] 
H2[Pt(SO4)2(OH)2] + NaNO2 → Na2[Pt(NO2)4] 
PdSO4 + NaNO2 → Na2[Pd(NO2)4] 
Thus, it can be suggested that change from one complex to another one with simultaneous presence of resin 
results in formation of complex compound in resin stage, in the similar way with high temperature extraction when 
iridium sulphate complexes change into iridium chloride ones, the formation of chelate complex iridium chloride 
compound with amine – [Ir(Am)3CI3] occurs. 
Making nitration experiments allows to recover PMs in full (80-92%) by Rossion resins, the results are given in 
Table 4.  
Table 4. Results of PM sorption from sulphate solutions after The Gulidov Krasnoyarsk Non-Ferrous Metals Plant ( "Krastsvetmet") waste 
leaching with chloride and sodium nitrite adding. 
Sorbent 
Metal content, g/m3 
Recovery,% 
Pt Pd Rh Ru Ir 
Rossion-5 
0.002 
87.50 
0.012 
80.00 
1.1 
52.99 
0.36 
92.65 
0.23 
88.67 
Rossion-10 
0.002 
87.50 
0.018 
70.00 
0.26 
88.89 
0.43 
91.22 
0.23 
88.67 
 
Destruction of sulphate complexes with further platinum metal sorption recovery can be made by anodic 
oxidation in electrolyzers with inert anodes. Iridium (III) sulphate complex change to iridium (IV) chloride one with 
ion exchange resins results in persistent complex in ion stage at the moment of transition.  
The results show (Table 5) that recovery of platinum metals from anodic dissolution tank solution in electrolyzers 
with inert anodes by Rossion resins is rather high and is 98% for iridium, 80% for ruthenium, 90% for rhodium. 
Platinum and palladium are almost recovered fully (99,0-99,9%). 
Table 5. PM recovery results from sorbent anodic dissolution tank solutions in electrolyzers with inert anodes. 
Sorbent 
Metal content, g/m3 
Recovery,% 
Pt Pd Rh Ru Ir 
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Rossion-5 
0.001 
99.9 
0.001 
99.0 
0.110 
92.9 
1.35 
83.0 
1.21 
98.7 
Rossion-10 
0.001 
99.9 
0.002 
99.4 
0.146 
90.5 
1.65 
79.2 
1.79 
98.1 
Rossion-1п 
0.001 
99.9 
0.001 
99.9 
0.112 
92.7 
1.65 
79.2 
1.55 
98.4 
 
Therefore, the results of carried researches on sorption recovery of PMs from sulphate cupronickel solutions 
allow to recommend nitrating and anodizing methods for industrial usage. 
5. Conclusion 
It is shown that Rossion resins can be used to recover PMs from MMC "Norilsk Nickel" process solutions and in 
this case PMs are 95-99% recovered. The conditions of effective PM recovery from sulphate cupronickel solutions 
by nitrating and anodizing methods with Rossion ion exchange resins usage have been chosen. 
 
References 
[1] M.A. Meretukov, M.A. Orlov, Metallurgy of noble metals. Foreign experience. Moscow: Metallurgy, 1990, 416 p. (In Russ.)  
[2] V.I. Bukin, I.S. Igumnov, V.V. Safonov, Processing of industrial wastes and recovered raw materials contained rare-earth, noble and non-
ferrous metals. Moscow: OOO Delovaja stolitsa, 2002, 224 p. (In Russ.)  
[3] Y.A. Kotlyar, M.A.  Meretukov, L.S. Strizhko, Metallurgy of noble metals, Moscow: MISIS, 2005, 392 p. (In Russian)  
[4] Y.A. Zolotov, G.M. Varshal, V.M. Ivanov, Analytical chemistry of platinum group metals, Moscow: Editorial URSS, 2003, 592 p. (In 
Russian)  
[5] V.F. Borbat, А.А. Shindler, Chemistry and chemical technology of platinum group metals, Omsk, OmGU, 2008, 176 p. (In Russian) 
[6] S.J. Al-Bazi, A. Chow, Platinum metals – solution chemistry and separation methods (ion exchange and solvent extraction), Talanta, 1984, 
Vol. 31, pp. 815 – 836. 
[7] A. Warshawsky, M. Fieberg, F. Michalik, The separation of platinum group metals (PGM) in chloride media by isothioronium resins, Sep. 
Purif. Methods, 1980, Vol.9, pp. 209– 265. 
[8] F.L. Bernardis, R.A. Grant, D.C. Sherrington, A review of methods of separation of the platinum-group metals through their 
chlorocomplexes, React. Funct. Polym, 2005, Vol.65, pp. 205 – 217. 
[9] P. Liu, G.-F. Liu, S.-Y. Cheng, N. Tang, Adsorption properties of Ag (I), Au (III), Pd (II) and Pt (IV) ions on commercial anion exchange 
resin, Trans. Non-Ferrous Met, China, 2009, Vol. 19, pp. 1509 – 1513. 
[10] V.F. Borbat, L.N. Adeeva, А.А. Shindler, А.V. Veselovskay, Study of the kinetics of sorption of palladium on anion exchangers Rossion // 
Bulletin of Omsk University, 2004, No. 4, pp.43-45 (In Russian). 
[11] V.F. Borbat, А.А. Shindler, L.N. Adeeva, Study sorption of platinum from hydrochloric acid solution using anion exchangers Rossion, 
Proceedings of Higher School, Chemistry & Chemical Technology, 2003, Vol.46, No.2, pp. 125-128 (In Russian). 
[12] V.F. Borbat, L.N. Adeeva, А.А. Shindler, A.V. Tagashov, Research of sorption capacity of anion exchangers Rossion in the chloride 
solutions of palladium , Bulletin of Omsk University, 2003, No. 2, pp. 25-27 (In Russian). 
[13] O.N. Kononova, A.M. Melnikov, T.V. Borisova, A.S. Krylov, Simultaneous ion exchange recovery of platinum and rhodium from chloride 
solutions, Hydrometallurgy, 2011, Vol.105, pp. 341 – 349.  
[14] V.F. Borbat, L.N. Adeeva, А.А. Shindler, Anion exchange extraction of palladium (II) from chloride solutions in presence of copper , Non-
ferrous Metals, 2004, No. 3, pp. 30-33 (In Russian). 
[15] O.N. Kononova, V.E. Duba, Sorption recovery of platinum (IV) from hydrochloric acidic solutions in presence of iron (III), copper (II) and 
zinc, J. of Siberian Federal University, Chemistry,  2015, Vol.8. No. 4, pp. 491-498. 
 
